Variation in diagnostic mammography interpretation exists across facilities. Failure to adjust for patient characteristics when comparing facility performance could lead to erroneous conclusions. Malpractice concerns are associated with interpretive performance. adjust for patient or radiologist factors that could have affected their fi ndings, and the health-care system and screening program in Denmark are quite different from those in other countries, such as the United States ( 6 ). Identifying facility characteristics that are associated with greater diagnostic accuracy for women at high risk of breast cancer would be useful for patients and their primary care providers in choosing a facility and to radiologists and institutions in the planning and quality assessment of mammography services.
Women undergoing diagnostic mammography for a clinical breast symptom are at a 10-fold higher risk for breast cancer compared with asymptomatic women who are screened for cancer ( 1 ) . Facilities performing screening mammography vary in the accuracy of their interpretation, and those facilities with more frequent audit feedback and a breast specialist on staff may provide more accurate screening tests ( 2 ) . However, little is known about the effect of facility characteristics on the accuracy of diagnostic mammography.
Previous studies ( 3 -9 ) described patient and radiologist characteristics associated with the accuracy of diagnostic mammography, such as a patient ' s breast density and radiologist's time spent in breast imaging. At the mammography facility level, one study in Denmark ( 6 ) reported greater accuracy at facilities that have at least one high-volume radiologist. This study, however, did not
Background
Interpretive performance of screening mammography varies substantially by facility, but performance of diagnostic interpretation has not been studied.
Methods
Facilities performing diagnostic mammography within three registries of the Breast Cancer Surveillance Consortium were surveyed about their structure, organization, and interpretive processes. Performance measurements (false-positive rate, sensitivity, and likelihood of cancer among women referred for biopsy [positive predictive value of biopsy recommendation {PPV2 }]) from January 1, 1998, through December 31, 2005, were prospectively measured. Logistic regression and receiver operating characteristic (ROC) curve analyses, adjusted for patient and radiologist characteristics, were used to assess the association between facility characteristics and interpretive performance. All statistical tests were two-sided.
Results
Forty-five of the 53 facilities completed a facility survey (85% response rate), and 32 of the 45 facilities performed diagnostic mammography. The analyses included 28 100 diagnostic mammograms performed as an evaluation of a breast problem, and data were available for 118 radiologists who interpreted diagnostic mammograms at the facilities. Performance measurements demonstrated statistically significant interpretive variability among facilities (sensitivity, P = .006; false-positive rate, P < .001; and PPV2, P < .001) in unadjusted analyses. However, after adjustment for patient and radiologist characteristics, only false-positive rate variation remained statistically significant and facility traits associated with performance measures changed (false-positive rate = 6.5%, 95% confidence interval [CI] = 5.5% to 7.4%; sensitivity = 73.5%, 95% CI = 67.1% to 79.9%; and PPV2 = 33.8%, 95% CI = 29.1% to 38.5%). Facilities reporting that concern about malpractice had moderately or greatly increased diagnostic examination recommendations at the facility had a higher false-positive rate (odds ratio [OR] = 1.48, 95% CI = 1.09 to 2.01) and a nonstatistically significantly higher sensitivity (OR = 1.74, 95% CI = 0.94 to 3.23). Facilities offering specialized interventional services had a non-statistically significantly higher false-positive rate (OR = 1.97, 95% CI = 0.94 to 4.1). No characteristics were associated with overall accuracy by ROC curve analyses.
adjust for patient or radiologist factors that could have affected their fi ndings, and the health-care system and screening program in Denmark are quite different from those in other countries, such as the United States ( 6 ) . Identifying facility characteristics that are associated with greater diagnostic accuracy for women at high risk of breast cancer would be useful for patients and their primary care providers in choosing a facility and to radiologists and institutions in the planning and quality assessment of mammography services.
We had the unique opportunity in a multicenter study to implement two cross-sectional surveys, one of mammography facilities and another of radiologists interpreting mammograms at these facilities, and to link interpretive performance data from the Breast Cancer Surveillance Consortium (BCSC) ( 10 ) . Our study goals were to evaluate facility performance associated with interpreting diagnostic mammography examinations to see whether variability exists among facilities after adjustment for patient and radiologist characteristics and to assess facility characteristics associated with better accuracy.
We used a blended conceptual framework ( 11 -13 ) that considered facility organization and structure, including volume, clinical services offered, fi nancial and malpractice characteristics, and scheduling traits, as well as facility processes related to interpretation and auditing. We hypothesized that greater accuracy in diagnostic mammography (higher sensitivity and/or lower falsepositive rates) would be associated with academic facilities, higher volume facilities, those with fi nancial incentives for providing more care (eg, higher charges or fi scal market competition), and those that use audit feedback mechanisms designed to improve cancer detection. Conversely, we hypothesized that higher falsepositive rates would be noted in for-profi t settings and at facilities where malpractice concerns were perceived to affect recommendations, with increased incentive to obtain additional diagnostic evaluations.
Participants and Methods
Three geographically dispersed mammography registries within the BCSC ( http://breastcancerscreening.cancer.gov ) ( 10 ) contributed outcome data and participated in the two cross-sectional surveys: one of mammography facilities and the other of radiologists.
All data were analyzed at a central statistical coordinating center (SCC). Each registry and the SCC have received institutional review board approval for either active or passive consenting processes or a waiver of consent to enroll participants, link data, and perform analytic studies. All procedures are Health Insurance Portability and Accountability Act compliant, and all registries and the SCC have received a Federal Certifi cate of Confi dentiality and other protection for the identities of women, physicians, and facilities who are subjects of this research.
Data Sources and Study Population
The three BCSC mammogram registries included Group Health Breast Cancer Surveillance System, a nonprofit integrated health plan in the Pacific Northwest that includes more than 100 000 women who are 40 years or older ( 14 ) ; the New Hampshire Mammography Network that captures approximately 90% of mammograms performed in New Hampshire ( 15 ) ; and the Colorado Mammography Program that provides mammograms to approximately 50% of the women in the six-county metropolitan area of Denver, Colorado ( 10 ) . The registries collect standardized data on all mammograms including date of examination interpretation, patient characteristics (age, breast density, date of most recent prior mammogram), interpreting radiologist, and facility. The BCSC mammography data were linked to cancer outcomes from regional cancer registries and pathology databases to obtain both benign and malignant outcomes. These data were pooled at a single SCC for analysis. Cancer ascertainment is estimated to be better than 94.3% at BCSC sites ( 16 ) .
Diagnostic mammograms were defi ned by the interpreting radiologist as examinations indicated for the evaluation of a breast pro blem (clinical sign or symptom of breast cancer). Examinations performed between January 1, 1998 and December 31, 2005 were included in the study. We did not include diagnostic mammograms performed for additional diagnostic evaluation after a screening examination or for short-interval follow-up of a probably benign fi nding because these examinations are performed on asymptomatic women and the outcomes of these examinations are known to be different from those performed on primarily symptomatic women ( 1 , 17 , 18 ) . Mammograms of women who had breast augmentation, reduction, or reconstruction and of women younger than 18 years were excluded.
Mammography Facilities Survey
Facilities providing screening mammography within the three BCSC registries were eligible for participation. The facility survey, which was developed by a panel of experts in multiple disciplines,
CONTEXT AND CAVEATS

Prior knowledge
It is known that interpretive performance of mammography screening varies by facility; whether performance of diagnostic interpretation varies by facility has not been investigated.
Study design
Survey of 45 diagnostic mammography facilities in the Breast Cancer Surveillance Consortium to compare structure, organization, and interpretive processes. Performance measurements were compared and adjusted for patient and radiologist characteristics.
Contribution
Variations in mammography interpretation occurred across facilities, but after adjustment for patient and radiologist characteristics, only variation in false-positive rates remained.
Implications
When comparing the performance of mammography interpretation between facilities, patient and radiologist characteristics should be considered.
Limitations
These results may not be generalizable to other regions of the United States or to other countries where mammography programs, screening guidelines, and systems and requirements for interpretation differ from those of facilities included in this study.
From the Editors
was based on a conceptual framework of factors known or suspected to influence mammography interpretation ( 2 ) . The survey assessed facility organizational and structural processes, including academic affiliation, volume, clinical services, financial malpractice, and scheduling characteristics, and interpretive and audit processes, such as double reading, and method of audit feedback. Detailed description of the survey was previously published ( 2 ) , and the survey is available online at http://breastscreening.cancer. gov/collaborations/favor.html .
Surveys were mailed to designated contact persons at each eligible facility and completed by one or more persons depending on the facility administrator and specifi c survey question; respondents included a lead technologist, a radiologist, the radiology department and/or the facility business manager. If no response was obtained after the second mailing, then telephone or in-person contact was attempted, with data collection completed in September 2002, after a 10-month period.
Radiologist Survey
A survey addressing a wide variety of radiologist characteristics and perceptions was mailed during the same period to radiologists who interpreted mammograms at any of the participating registries. This survey has been previously described ( 19 ) and is available online at http://breastscreening.cancer.gov/collaborations/favor. html .
Specification of Study Variables
Outcome measures included false-positive rate, sensitivity, positive predictive value of biopsy recommendation (PPV2), and area under the receiver operating characteristic curve (AUC) of diagnostic mammography. To calculate these variables, we defined a negative assessment as breast imaging-reporting and data system (BI-RADS) 1 (negative), 2 (benign), 3 (probably benign), 0 (incomplete -needs additional imaging evaluation), when the latter two were not associated with a recommendation for a biopsy (ie, fine-needle aspiration [FNA] , biopsy, or surgical consultation). We defined a positive assessment as BI-RADS 4 (suspicious) or 5 (highly suggestive of malignancy). Assessments of 3 or 0 with a recommendation for FNA, surgical consultation, or biopsy were also considered positive ( 20 ) . These assessments were based on the final, not initial, interpretations. For each diagnostic mammogram, we looked for breast cancer (ie, invasive carcinoma or ductal carcinoma in situ but not lobular carcinoma in situ) diagnosed during the subsequent year.
The false-positive rate was defi ned as the proportion of diagnostic examinations interpreted as positive among all patients who did not have a diagnosis of breast cancer within 1 year. Sensitivity (also called the true-positive rate) was defi ned as the proportion of diagnostic examinations interpreted as positive among all patients who had a diagnosis of breast cancer within 1 year. PPV2 was defi ned as the number of mammograms that were associated with a breast cancer diagnosis within 1 year among those with a positive assessment.
Statistical Analysis
Initially, a logistic regression model for each performance measure was fit, which included a facility random effect variable only. We then built logistic regression models adjusted for mammography registry, patient characteristics (patient age [<40, 40 - By comparing the models with a facility random effect only to those with a facility random effect and patient and radiologist characteristics, we sought to determine whether statistically significant variation remained across facilities after adjusting for patient and radiologist factors.
The association between characteristics of patients and radiologists included in the study and false-positive rate and sensitivity was assessed. Then, means and 95% confi dence intervals (CIs) were computed for false-positive rate, sensitivity, and PPV2 for each facility, both at the facility level (each facility contributes equally) and at the mammogram level.
Next, we constructed multivariable logistic regression models for each facility characteristic of interest, adjusted for patient and radiologist characteristics, mammography registry, and a facility random effect. Patient and radiologist characteristic variables were categorical ( see Table 1 ) and based on previous literature and adequate spread of the data ( 4 , 19 ) . Throughout the analyses, the patient and radiologist characteristics that were adjusted for remained consistent, as listed above.
We also built fully adjusted multivariable logistic regression models including all facility characteristics that were univariately associated with any outcome at the level of P less than or equal to .1 with any performance outcome, to allow borderline statistically signifi cant factors to be included, and adjusting for patient and radiologist characteristics, mammography registry, and a facility random effect. The variable "imaging services offered" was excluded from the models because it was highly related to "interventional services offered." For all models, mammograms missing data on patient, radiologist, or facility characteristics were excluded ( Figure 1 ).
Receiver operating characteristic (ROC) curve analysis was performed to summarize the association between facility characteristics and overall diagnostic mammography accuracy. AUC compares sensitivity to 1 minus the specifi city over a range of values for these two measurements, thus incorporating both sensitivity and specifi city information in one analytic assessment. AUC values can range from 0 to 1, although only values greater than 0.5 refl ect accuracy greater than chance alone, with higher values indicating better ability to discriminate between mammograms with and without breast cancer (eg, better accuracy).
We used the SAS procedure NLMIXED (SAS version 9.1; SAS Institute, Inc., Cary, NC), with the BI-RADS assessment codes as an ordinal response: 1, 2, 3, or 0 without a recommendation for biopsy; 3 or 0 with a recommendation for biopsy; or 4 or 5. We then fi t ordinal regression models including all facility characteristics that were statistically signifi cant at the P less than or equal to .1 level in the models described above and adjusted for patient and radiologist characteristics. The multivariable models enabled us to estimate ROC curves and the AUC associated with specifi c facility characteristics while adjusting for patient and radiologist characteristics. The actual AUC value was computed from the estimates associated with covariates. Additional detail regarding the method of fi tting the ROC curves is available in an earlier publication ( 19 ) . All model score equations converged to 0 when tested with the default SAS convergence criterion. Likelihood ratio statistics were used to determine whether each facility factor was statistically signifi cantly associated with accuracy ( P < .05). All P values were two-sided.
Results
The study populations for the main analysis and the subsequent models that adjust for patient and radiologist characteristics are described in Figure 1 . Forty-five of the 53 eligible facilities (85% response rate) completed the facility survey. Thirty-two of the 45 facilities performed diagnostic mammograms in the study period and were therefore included in the main descriptive analyses. A total of 28 100 diagnostic mammograms were performed as an evaluation of a breast problem during the 8-year study period at these 32 facilities, with 1329 mammograms associated with breast cancer. Data were available for 118 radiologists who interpreted diagnostic mammograms at the 32 facilities during the study period ( Figure 1 ).
In the fi nal model, which was fully adjusted for patient, radiologist, and statistically signifi cant facility characteristics, we excluded fi ve facilities because of missing data on facility characteristics in the model and one radiologist who responded but interpreted diagnostic mammograms at a facility that was missing data on facility characteristics of interest. Thus, 27 facilities with 117 radiologists interpreting 20 019 evaluations of breast problems (including 942 examinations associated with cancer) were included in the fi nal multivariable models ( Figure 1 ).
We assessed characteristics of patients and radiologists included in the study and their relationship to the number of diagnostic mammograms with and without cancer ( Tables 1 and 2 ). The relationships between the patient and the radiologist characteristics and false-positive rates and sensitivity are consistent with published results within the same study population assessing radiologist characteristics and accuracy of diagnostic examinations ( 4 ) (data not shown).
Individuals who responded to the facility survey included 20 lead mammography technologists, seven radiologists, and two radiology department or facility business managers (respondent was not identifi ed in three facilities). Among the 32 facilities, 28 reported offering breast ultrasound, fi ve reported offering breast magnetic resonance imaging, and two reported offering breast computed tomography. Interventional services performed at the facilities included FNA (n = 10), core biopsy (n = 16), vacuum-assisted biopsy (n = 9), cyst aspirations (n = 22), and needle localization (n = 20). A median of seven radiologists per year were working in breast imaging at a facility, with 14 facilities reporting 10 or more radiologists working in breast imaging, and four facilities having at least one radiologist with fellowship training in breast imaging. A median of 81 diagnostic mammograms were performed to evaluate a breast problem per year per facility (range = 1 -883). Facility practice characteristics were assessed in relation to unadjusted performance measurements ( Table 3 ) .
Variability of unadjusted diagnostic mammography performance measurements for the 32 facilities, ordered by number of diagnostic evaluations (highest to lowest volume), is shown in Figure 2 . Overall mean false-positive rate (at the facility level) was 6.5% (95% CI = 5.5% to 7.4% and range = 1% -14%), mean sensitivity was 73.5% (95% CI = 67.1% to 79.9% and range = 33% -100%), and mean PPV2 was 33.8% (95% CI = 29.1% to 38.5% and range = 0% -61%). In unadjusted logistic regression analyses, statistically signifi cant variability was found for all three performance measures across facilities (sensitivity, P = .006; false-positive rate, P < .001; and PPV2, P < .001) ( Figure 2 ). This statistical variability in performance persisted after adjustment for patient and radiologist characteristics only for false-positive rate ( P < .001).
Statistically signifi cant associations were noted between frequencies of the facility characteristics and their unadjusted measures of performance (false-positive rate, sensitivity, and PPV2) ( Table 3 ) . In unadjusted analyses, no facility characteristics were associated with false-positive rate at the level of P less than .05, and multiple facility characteristics were associated with sensitivity and PPV2 ( Table 3 ) .
The facility characteristics and performance measures are shown adjusted for patient and radiologist characteristics, mammography registry, and a facility random effect ( Table 4 ). The variables that were associated with performance after adjustment are markedly different compared with the unadjusted results shown in Table 2 . Those that are statistically signifi cantly associated are footnoted ( Table 4 ) .
Many facility characteristics associated with performance measurements changed between unadjusted models ( Table 3 ) and those adjusted for patient and radiologist characteristics ( Table 4 ) . To isolate the effect of adjustment for patient characteristics alone, we performed logistic regression models adjusted for patient characteristics (patient age, breast density, time since last mammogram, self-reported breast lump), mammography registry, and a facility random effect variable, but not for radiologist characteristics. The variables identifi ed in Table 4 were also at least borderline statistically signifi cantly associated with the same performance measures, when adjusted for patient characteristics only, with similar odds ratios (ORs) and 95% confi dence intervals (data not shown).
Multivariable model results were adjusted for patient characteristics, radiologist characteristics, mammography registry, a facility random effect, and all facility characteristics noted in Table 3 to be associated with false-positive rate, sensitivity, or PPV2 at the P less than or equal to .1 level ( 1 Radiologist performed at a facility missing data on facility characteristics malpractice concerns had moderately to greatly increased recommendations for additional tests at the facility were associated with a higher false-positive rate (OR = 1.48, 95% CI = 1.09 to 2.01) and a non-statistically signifi cantly greater sensitivity (OR = 1.74, 95% CI = 0.94 to 3.23). Offering specialized interventional services was associated with a non-statistically signifi cantly higher false-positive rate (OR = 1.97, 95% CI = 0.94 to 4.10). Because of small numbers (n = 3), interpreting all diagnostic mammograms on-site was not statistically signifi cantly associated with higher sensitivity compared with no on-site reading (OR = 3.12, 95% CI = 0.54 to 18.09). ROC curve analyses were adjusted for patient and radiologist characteristics. The analyses did not identify any facility characteristics that were associated with statistically signifi cantly improved or diminished overall diagnostic accuracy.
Discussion
Mammography facilities vary in their size, organization, services, and processes, but it is not known whether any of these facility differences affect the interpretive performance of diagnostic mammography. In this multisite cross-sectional study, we found that US facilities have statistically significant variability in the falsepositive rates of diagnostic mammography after adjusting for patient and radiologist factors. Reporting that concerns about malpractice increased additional diagnostic testing at the facility was associated with a statistically significantly higher false-positive rate and a non-statistically significantly higher sensitivity. A nonstatistically significant association was also noted between a greater false-positive rate and offering specialized interventional services. Off-site interpretation of diagnostic mammograms, which occurred in three facilities in this study, was non-statistically significantly associated with lower sensitivity than facilities with on-site reading. None of the facility characteristics we assessed were associated with changes in overall accuracy.
The extensive variability in interpretive performance that we noted was markedly reduced after adjustment for patient and radiologist characteristics. Statistically signifi cant variability was present for sensitivity and PPV2 in unadjusted analyses, but after accounting for differences in patient and radiologist characteristics, the variation was reduced. Our sample was based on 20 019 diagnostic mammograms, but some low-volume facilities had few cancers detected, as demonstrated by the wide confi dence intervals around the individual facility sensitivity values and PPV2 values demonstrated in Figure 2 . Because sensitivity and PPV2 depend on the number of breast cancers detected, which is a relatively infrequent outcome, low statistical power may have affected our analyses.
Detailed patient and radiologist data allowed us to discriminate facility-level associations from those due to patient and radiologist factors. We sequentially assessed interpretive performance adjusted for patient factors; then for patient and radiologist factors; and fi nally for patient, radiologist, and multiple facility-level characteristics. The facility traits associated with performance changed dramatically after adjustment for patient attributes, then were consistent with additional adjustment for radiologist factors, and diminished when multiple facility factors * Values are statistically significantly different, that is, P < .05 (two-sided 2 tests). PPV2 = positive predictive value of biopsy; CI = confidence interval; BCSC = Breast Cancer Surveillance Consortium; FNA = fine-needle aspiration; CT = computed tomography; MRI = magnetic resonance imaging. † Columns may not total 32 because of missing values. ‡ False-positive rate is defined as the percentage of mammograms without a cancer diagnoses within 1 year that also have a BI-RADS assessment 4, 5, 0, or 3 with a recommendation for biopsy, surgical consultation, or FNA. § Sensitivity is defined as the percentage of mammograms with a cancer diagnoses within 1 year that also have a BI-RADS assessment 4, 5, 0 or 3 with a recommendation for biopsy, surgical consultation, or FNA.
|| PPV2 is defined as the percentage of mammograms with either a BI-RADS assessment 0 or 3 with a recommendation for biopsy, surgical consultation, or FNA or a BI-RADS assessment 4 or 5 that result in a cancer diagnosis within 1 year. ¶ The overall mean at the mammogram level was computed by weighting each facility by the number of mammography screening examinations interpreted at that facility and included in this analysis (facilities with more mammography screening examinations would be given a higher weight in this calculation compared with the overall mean at the facility level shown in Figure 2 ). # Based on mammography registry data. ** Does not include ultrasound or ductography. The unadjusted facility-level mean was 6.5% (95% CI = 5.5 to 7.4). B) Sensitivity. The unadjusted facility-level mean was 73.5% (95% CI = 67.1 to 79.9); facility no. 32 was without any cancers during follow-up. C) PPV2. The unadjusted facility-level mean was 33.8% (95% CI = 29.1 to 38.5). Overall mean at the facility level was computed by calculating the performance measures for each facility and taking the average across facilities. Each facility was given the same weight regardless of the number of screens interpreted at the facility. Diamonds indicate mean values; error bars correspond to 95% CIs. Facilities are ordered by number of diagnostic evaluations (highest to lowest) included in the analysis. Statistically signifi cant variability was found across the facilities in unadjusted analyses for all performance measures ( P < .01, calculated using two-sided F tests). CI = confi dence intervals; PPV2 = positive predictive value of biopsy.
were also included. These analyses suggest that the factors most strongly associated with interpretive performance for diagnostic mammograms are characteristics of a patient, such as age, breast density, time since last mammogram, and self-reported breast lump. These patient factors may differ substantially across facilities. Many health and insurance agencies encourage or publish "report cards" and quality rating systems for physicians and hospitals ( 21 ) . We caution that analyses comparing differences among mammography facilities that do not adjust for important characteristics of patients using the facility may falsely conclude that there is more facility variation than actually exists or that one facility is above or below average.
Reported concerns about malpractice were the predominant factors associated with interpretive performance at the facility level, above all the other facility characteristics measured. The infl uence of malpractice on US radiologists is postulated to play a role in higher recall rates in the United States than in other countries ( 22 , 23 ) . In a previous report of 124 US radiologists, 118 of whom were also participants in this study ( 13 ) , the majority (58.5% or 72 of 123) indicated that malpractice concerns moderately or greatly increased their recommendations for biopsy examinations after screening mammograms. However, the data did not demonstrate that they had higher recall and false-positive rates for screening mammograms than their colleagues without such perceptions ( 13 ) . In this facility study, belief that malpractice concerns at the facility level moderately to greatly increased recommendations for diagnostic evaluations was associated with a higher false-positive rate and non-statistically signifi cantly higher sensitivity. It is possible that when the clinical level of perceived patient risk of breast cancer is higher, as in diagnostic mammograms compared with screening examinations, the effect of malpractice concern is more pronounced and thus measurable.
We hypothesized a priori that malpractice concerns would be associated with lower overall accuracy by increasing the false-positive rate; however, we did not fi nd any change in overall accuracy, using ROC curve analysis. Malpractice concern was associated with both an increase in false-positive rate and an increase in cancer detection. This fi nding suggests a shift in the threshold for calling examinations abnormal, not a true increase in the ability to discriminate between cancer-free and cancerassociated mammograms. Although false-positive examinations are associated with expense and anxiety, any attempt to lower the false-positive rate must not be at the expense of decreasing the cancer detection rate.
Facilities that offered interventional services had a non-statistically signifi cantly higher false-positive rate (OR = 1.97, 95% CI = 0.94 to 4.1). It is plausible that if diagnostic modalities are readily available on-site, radiologists might have a lower threshold for recommending these procedures, resulting in more false-positive and true-positive examinations. It may also be that radiologists in diagnostic facilities perceive a higher probability of cancer in general and are therefore more likely than other radiologists to make a positive interpretation. Financial incentive to perform well-reimbursed interventional services may also play a role. Sensitivity was also increased in facilities offering interventional services (OR = 1.75, 95% CI = 0.47 to 6.45), although not statistically signifi cantly, suggesting a shift in threshold for calling Table 4 . Associations between individual facility characteristics and false-positive rate, sensitivity, and positive predictive value of biopsy, adjusted for patient characteristics, radiologist characteristics, and a facility random effect (based on 32 facilities with 21 653 evaluations of a breast problem) * examinations abnormal at facilities where more interventional services are readily available. Malpractice concerns and the availability of interventional services were associated with high false-positive rates and sensitivities, without changing overall accuracy. There is much speculation that malpractice and the ready access to technology in the United States drive the rapidly increasing costs of medical care in this country, potentially even resulting in poorer medical outcomes ( 24 ) . Our study quantitatively demonstrates associations of diagnostic performance with malpractice concerns and access to interventional services.
Three of the 32 facilities sent their diagnostic mammograms to other locations for interpretation. These facilities had a much lower sensitivity than facilities where examinations were interpreted on-site. It is possible that these three facilities were in remote locations and/or had limited staffi ng and thus required off-site interpretation. When facilities send examinations out for interpretation, the interpreting radiologist may have less potential for direct patient contact and could have less feedback about the outcome of positive examinations. Although these results are based on very small numbers, the accuracy of off-site interpretation of diagnostic mammograms merits further study.
A strength of this multisite study of diagnostic mammography facilities is that it represents diverse geographic regions of the United States. Another is the ability to adjust for important patient and radiologist characteristics and link to mammography performance data using BCSC information. Both facility and radiologist surveys had high response rates and assessed a broad range of characteristics.
The study also has several limitations. Concern about malpractice is a characteristic that is closely connected to the radiologist as the party with the most personal risk; however, in our study, it was assessed as a facility trait. Because most of the respondents to this survey were technologists who might have less personal fear of malpractice lawsuits than radiologists, the fi nding that malpractice concerns are associated with performance suggests that perhaps within facilities, there is a culture that infl uences radiologist's decision making. More work, specifi cally assessing diagnostic interpretation and radiologist-level malpractice concerns, may help clarify these fi ndings. Another limitation involves defi ning diagnostic mammography. We limited our diagnostic mammograms to examinations that were designated by the radiologist as performed for evaluation of a breast problem. However, radiologist reporting of this designation includes two groups: women with a palpable lump and women with no or unknown lump status. The latter group includes a wide variety of indications -from women with breast pain and nipple discharge to women with a palpable lump that was not self-reported. It is possible that designation of diagnostic mammograms could vary between facilities ( 1 , 17 ) . Last, our results may not be generalizable to other regions of the United States or to other countries where mammography programs may have different screening guidelines and different systems and requirements for interpreting diagnostic mammograms.
In summary, false-positive rates vary statistically signifi cantly between facilities performing diagnostic mammography and are higher at facilities where the concern about malpractice is believed to increase recommendations for diagnostic evaluations at the facility. Analyses comparing differences among mammography facilities that do not adjust for important patient characteristics may falsely conclude that there is more facility variation in overall accuracy than what actually exists.
